for CF, 6 .5 for CX, and 7.2 for CM. After 72 h the mean logio colony-forming units per ml were 5.0 for CZ, 4 .1 for CF, 3 .6 for CX, and 5.6 for CM. After 8 days, the titers were 1.6/ml for CZ, 1 .0 for CF, 1.9 for CX, and 3.6 for CM. CZ serum levels were about double CF and CX levels and about two-thirds of CM levels. In sterile ball fluid CZ and CM levels were more than double CF or CX concentrations. Concentrations of all four antibiotics were lower in infected balls.
Cefazolin (CZ) is much more susceptible to inactivation by Staphylococcus aureus beta-lactamase (cephalosporinase) than is cephalothin (CF) (6) . This has raised doubts about the usefulness of CZ in staphylococcal endocarditis (1) . In a previous publication from this laboratory (3), CZ and CF did not differ in rate of sterilization of vegetations in rabbits with endocarditis caused by a beta-lactamase-producing strain of S. aureus. Although it would have been of interest to determine the concentrations of antibiotic at the local site of infection, this is not feasible in a vegetation. A model using infection in a localized cavity, such as that in the present study, permits such measurements.
The purpose of this study was to determine the effectiveness of cephalosporins in treatment of infection in artificial cavities in rabbits caused by a beta-lactamase-producing S. aureus and to measure the concentrations of the antibiotics in the cavities. CZ and CF, as well as two new cephalosporins, cefoxitin (CX) and cefamandole (CM), were studied.
MATERIALS AND METHODS
S. aureus strain. The strain of S. aureus used was isolated from a patient with endocarditis and was a producer of beta-lactamase (3). The minimal inhibitory concentrations of penicillin G, CZ, CF, CX, and CM were determined in Mueller-Hinton broth, using 0.5 mil of a 102 dilution of an 18-h culture added to each 0.5 ml of antibiotic dilution. The minimal inhibitory concentration was determined after 24 h of incubation at 370C. CF The concentrations of all antibiotics were assayed by an agar diffusion method, using paper disks (7). The assay strain for CZ, CF, and CM was Bacillus subtilis (ATCC 6633). The After 24 h, 72 h, and 8 days of treatment, each time 2 h after administration of an antibiotic, 1 ml of fluid was aspirated from each ball percutaneously with a 21-gauge needle on a syringe. A 0.1 ml amount of the specimen was plated directly on sheep blood agar plates, and 0.1 ml was used for serial dilution in HIB and plating as previously described (2) for determination of numbers of bacteria. The remainder of the specimen was heated at 85°C for 30 s to inactivate beta-lactamase and then used for determination of the concentration of antibiotic. Heating at 85°C for 30 s did not decrease known concentrations of CZ, CF, CX, or CM placed in table tennis ball fluid.
For statistical purposes, sterile balls were considered as containing 10 bacteria per ml, as 10/ml was the smallest number that could be detected by the methods used.
Blood was taken from the ear veins at 0.5, 1, 2, and 4 h after the first injection of antibiotic, and the serum was removed for deterniination of antibiotic concentrations. The serum half-life of the antibiotic was calculated by the method of least squares (5). Student's t test was used to determine significances.
RESULTS
In vitro studies. The minimal inhibitory concentrations for the S. aureus strain were >50 ,ug/ml for penicillin G, 0.78 ,ug/ml for CZ and CF, 3.1 ,ug/ml for CX, and 0.2 ug/ml for CM.
Animal experiments. At 4 weeks after placement of the table tennis balls (before injection of S. aureus), all table tennis ball fluid was sterile. Protein averaged 4 .0 (range, 3.1 to 5.1) g/100 ml before infection and 4.2 (range, 3.5 to 4.9) g/100 ml after infection; over 90% of the protein was albumin. forming units ± standard error per ml were 7.1 ± 0.1 for CZ, 6.7 ± 0.3 for CF, 6.5 ± 0.2 for CX, and 7.2 ± 0.3 for CM, as compared with 7.1 ± 0.4 for untreated controls (Fig. 1) . None of these titers is significantly different (P > 0.05 for all comparisons).
After 72 h of treatment, the mean log1o colonyforming units ± standard error per ml were 5.0 ± 0.4 for CZ, 4.1 ± 0.7 for CF, 3.6 ± 0.7 for CX, and 5.6 ± 0.9 for CM, as compared with 6.8 ± 0.3 for untreated controls. The titers for CZ, CF, and CX, but not CM, animals were significantly lower (P < 0.01) than control titers. There were no other significant differences.
After 8 days of treatment, the loglo colonyforming units ± standard error per ml were 1.6 ± 0.6 for CZ, 1.0 + 0 for CF, 1.9 ± 0.4 for CX, and 3.6 ± 1.1 for CM, as compared with 6.3 + 0.3 for untreated controls. The titers for CZ, CF, CX, and CM animals were significnatly lower than control titers; (P < 0.01 for CZ, CF, and CX versus controls, and P < 0.05 for CM versus controls). The titers for CF animals were significantly lower (P < 0.05) than those for CX or CM animals. There were no other significant differences. There were no differences between control titers on days 1, 3, and 8 (P > 0.05).
Antibiotic serum levels. At 30 min, 1 h, and 2 h after the first injection of antibiotic, mean CZ levels were 141.3, 88.5, and 22.5 ,ug/ml, respectively (Fig. 2) . Mean CF levels were 78.1, 27.8, and 7.2 ,ug/ml. Mean CX levels were 76.7, 40.7, and 9.5,ug/ml. Mean Antibiotic concentrations in ball fluid. Table 1 shows the mean concentrations of antibiotic ± standard error in ball fluid after 1, 3, and 8 days of therapy. In sterile ball fluid, CZ and CM tended to have the highest mean levels, which were more than double the mean concentrations of CF and CX. The concentrations of CZ in sterile fluid after 1 day of therapy were significantly higher (P < 0.05) than those after 8 days of therapy. Concentrations of CF, CX, and CM in sterile fluid did not differ after 1, 3, or 8 days of treatment (P > 0.05 for all comparisons).
Concentrations of all four antibiotics were lower in infected balls than in sterile balls. These differences were significant for CZ, CF, and CM, but not for CX (P < 0.05 for CZ, P < 0.01 for CF after 1 day of treatment, and P < 0.01 for CM after 3 
